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(54) Exposure apparatus and method of manufacturing an exposure apparatus 



(57) A manufacturing method for exposure appara- 
tuses is provided in which a reticle R1 held on a reticle 
stage system RST is illuminated by exposure light from 
an exposure light source 1 6 via the illumination systems 
IL1 and IL2. In a first manufacturing line, a main body 
module composed of a frame caster 2, a main body sup- 
port section 3. and a main body column 5 is assembled, 
and an illumination system and the projection optical 
system PL are mounted on this main body module. Then 
a stage module, which is assembled and adjusted using 
another main body module in a second manufacturing 
line, is mounted on the main body module of the first 
manufacturing line. Therefore exposure apparatuses 
can be efficiently manufactured without using dedicated 
large scale adjustment jigs. 
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D scription 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present Invention relates to a manufactur- 
ing method for products in a manufacturing line having 
a step of installing a module to a main body, and more 
particularly to a manufacturing method for an exposure 
apparatus which is used when a mask pattern is trans- 
ferred onto a substrate in a lithography step for manu- 
facturing such devices as a semiconductor device, im- 
age pickup device (e.g. CCD), liquid crystal display de- 
vice, plasma display device and a thin film magnetic 
head. The present invention also relates to an exposure 
apparatus which is manufactured using this manufac- 
turing method. 

2. Description of the Related Art 

[0002] In a photolithography step for manufacturing 
semiconductor devices, full field exposure type (stepper 
type) or scanning exposure type (e.g : step and scan 
type) exposure apparatuses are used to transfer a pat- 
tern of a reticle (e.g. photo mask) as a mask onto a wafer 
(or glass plate) as a substrate. In these exposure appa- 
ratuses, exposure wavelengths are becoming shorter, 
from KrF excimer laser 248nm to such a vacuum ultra- 
violet region as ArF excimer laser 1 93nm and F 2 laser 
1 57nm in order to support semiconductor devices which 
are becoming even smaller at increasing degrees of in- 
tegration. Also the size of projection optical systems are 
becoming quite large since a 0.65 or higher numerical 
aperture is becoming necessary in a wide visual field. 
In a scanning exposure type exposure apparatus, expo- 
sure onto a required size of shot area, while controlling 
the scale of the projection optical system to a practical 
range, is becoming possible by setting the scanning di- 
rection to a direction which is perpendicular to the direc- 
tion where the visual field of the projection optical sys- 
tem is widest. 

[0003] Conventional exposure apparatuses are gen- 
erally manufactured by installing a box type column on 
a base panel, installing a wafer stage system at the cent- 
er of the column , then stacking up each mechanism sec- 
tion of the projection optical system, reticle stage system 
and illumination optical system on the column. When in- 
stalling each mechanism section, measurement is per- 
formed to check the mutual positional relationship, if 
necessary, and the positional relationship is adjusted 
based on this measurement result. In this case, the wa- 
fer stage system and reticle stage system are roughly 
pre-assembled on a dedicated adjustment jig, which is 
disposed at a location different from the location where 
the base pane! ir installed 

[0004] As mentioned above, a conventional exposure 
apparatus is manufactured by a stacking system where 



each mechanism section is sequentially stacked up, 
wherein the stage system is pre-assembled using a ded- 
icated adjustment jig. For current exposure apparatus- 
es, however, the sizes of the exposure light source and 
projection optical system are increasing, and a high 
throughput is demanded, so in order to improve the op- 
eration efficiency of the projection optical system, a dou- 
ble stage type, where two movable stages are used for 
the wafer stage system, has been proposed. In this type, 
while exposing a wafer on one movable stage, a wafer 
on the other movable stage is replaced or aligned so as 
to improve throughput. Forthe reticle stage side, as well, 
a double holder type, where two reticles are held on one 
movable stage, is being used so that two reticles can be 
used alternately. The double stage type is disclosed, for 
example, in PCT International Publication No. 
W098/24115 (corresponding to US Patent Application 
No. 09/714,943) or WO98/40791 (corresponding to US 
Patent No. 6,262,796), and the double holder is dis- 
closed, for example, in Japanese Patent Application 
Laid-Open No. 10-209039 (corresponding to US Patent 
No. 6,327,022). 

[0005] However, if a stage system is assembled using 
a dedicated adjustment jig in a conventional way, with a 
large size wafer stage system and reticle stage system, 
the size of the dedicated adjustment jig increases, and 
the entire installation area of the manufacturing equip- 
ment for an exposure apparatus increases too much. 
Also, it is difficult to prepare such a large size dedicated 
adjustment jig for each model of exposure apparatus, 
and even if such a dedicated adjustment jig is prepared, 
the manufacturing efficiency of exposure apparatuses 
drops because the operation of the large size dedicated 
jig. Direct assembly of these stage systems on the col- 
umn without using an adjustment jig, on the other hand, 
interfere with the adjustment and installation operation 
of other mechanical sections, such as the illumination 
system and projection system. These stage systems al- 
so require a performance evaluation before being in- 
stalled to an exposure apparatus. For this, these stage 
systems must be pre-assembled as modules before in- 
stalling to an exposure apparatus. 
[0006] Also, it is demanded that exposure apparatus- 
es in use today must have a structure which minimizes 
the influence of vibration to improve the exposure accu- 
racy (e.g. transfer fidelity alignment accuracy). Espe- 
cially for scanning exposure type exposure apparatus- 
es, vibration generated by acceleration and decelera- 
tion must be decreased because a reticle and wafer are 
scanned during exposure, with the magnification of the 
projection optical system as the velocity ratio. However, 
in the case of an exposure apparatus having a structure 
where each mechanism section is sequentially stacked 
up on a base panel, vibration generated in the stage sys- 
tem tends to transfer to each mechanism section, and 
this vibration rIpo tend? to transfer to the projection op- 
tical system. 

[0007] So a structure which can decrease the influ- 
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ence of vibration more than previously has been devel- 
oped for exposure apparatuses, but even with such a 
structure, it is generally desirable to manufacture each 
exposure apparatus in a short time, making the manu- 
facturing efficiency as high as possible. With the fore- 
going in view, it is a first object of the present invention 
to provide a manufacturing method for exposure appa- 
ratuses which can manufacture exposure apparatuses 
efficiently without using dedicated large adjustment jigs. 
[0008] It is a second object of the present invention to 
provide a manufacturing method for exposure appara- 
tuses which can efficiently manufacture exposure appa- 
ratuses having a structure to efficiently decrease the in- 
fluence of vibration. It is still another object of the 
present invention to provide an exposure apparatus with 
a structure suitable for manufacturing using such a man- 
ufacturing method, and a manufacturing methodfor high 
precision devices using this exposure apparatus. It is 
still another object of the present invention to improve 
the operation efficiency and productivity in a manufac- 
turing line having a step of installing a module to a prod- 
uct main body. 

SUMMARY OF THE INVENTION 

[0009] A first manufacturing method for exposure ap- 
paratuses according to the present invention is a man- 
ufacturing method for manufacturing a product which in- 
cludes a main body and a first module, comprising man- 
ufacturing the first module (91 A, 91 B) and installing the 
first module to the main body (90A, 90B) respectively in 
a plurality of lines, wherein sequences of the plurality of 
lines are time-shifted, and the first module (91 A) manu- 
factured in one line is transferred to another line : and is 
installed to the main body (90B) in the other line. 
According to the manufacturing method of the present 
invention, the manufacturing space and jig for manufac- 
turing the first module are not required compared with 
the case of manufacturing the first module outside the 
line. Also the manufacturing method of the present in- 
vention is suitable for a manufacturing line which re- 
quires installing or removing a predetermined module 
to/from the main body at an appropriate time before 
completion of assembling the final product. For exam- 
ple, in some cases in a manufacturing line of a specific 
product, such as semiconductor manufacturing equip- 
ment, the installation of a predetermined module of the 
main body must be delayed until the assembly of other 
modules or the installation thereof to the main body are 
completed, or a predetermined module must be re- 
moved from the main body to install another module or 
part to the main body or to adjust the characteristics 
thereof after installing a predetermined module to the 
main body. Since the sequence of each line is executed 
at shifted-time according to this invention, the first mod- 
uie assemblea in anothei line is iransleneci irom anoth- 
er line at a timing when installing the first module to the 
main body is required in one line. Therefore the first 



module does not interfere with such an operation as the 
manufacture and adjustment of other modules which 
has been executed in one line at that timing. Also, by 
appropriately adjusting the time shift of sequences of a 
5 plurality of lines, the mass production efficiency of prod- 
ucts by a plurality of lines can be further improved. 
[0010] In the present invention, the plurality of lines 
include a first line and a second line, and manufacturing 
the first module (91 A, 91 B), manufacturing the second 

10 module (IL1 , IL2), and installing the first module to the 
main body (90A, 90B) are repeatedly executed in the 
first and second line respectively, the sequences of the 
first line and second line are time-shifted, the first mod- 
ule (91 B) manufactured In the second line is transferred 

is to the first line and is installed to the main body (90A) in 
the first line, and the first module (91 A) manufactured in 
the first line is transferred to the second line, and is In- 
stalled to the main body (90B) in the second line. 
In the above mentioned method, the product can be an 

20 exposure apparatus, the main body can be a main body 
frame of the exposure apparatus, the first module can 
be the stage system, and the second module can be an 
illumination system. The stage system can include a 
stage for moving an object having a transfer pattern and 

25 a stage for moving an object to be exposed. In this case, 
the main body frame of one manufacturing line is used 
as an adjustment jig of the predetermined mechanism 
section, so it is unnecessary to provide a separate large 
scale dedicated adjustment jib, and exposure appara- 

30 tuses can be efficiently manufactured. Especially when 
the stage system is a double holder type or double stage 
type, for example, the stage system thereof is large, so 
if the present invention makes it unnecessary to install 
a dedicated adjustment jig, then cost, including manu- 

35 facturing equipment cost, can be decreased considera- 
bly. B Manufacturing line" in this document is a concept 
which includes not only the work area where parts, mod- 
ules and assemblies are assembled and installed while 
being moved to work sites via a conveyer system, but 

40 also includes a work area where the assembly of each 
part and the installation of parts to the main body are 
performed manually or by using a machine or robot at 
one or more locations. For example, a manufacturing 
line for exposure apparatuses includes one section in a 

45 clean room, where each main body frame of an expo- 
sure apparatus is set, and the exposure apparatus is 
assembled there. 

[0011] A second manufacturing method for exposure 
apparatuses according to the present invention is a 

50 manufacturing method for exposure apparatuses which 
expose a second object (W1 ) by an exposure beam via 
a first object (R1) and a projection system (PL), com- 
prising: a first step of assembling a first main body frame 
(90A) of the exposure apparatus in a first manufacturing 

55 line (Step 101); a second step of assembling a second 
man. body liarr.e (bOB, ol me exposal e appaiaius ir. a 
second manufacturing line (Step 121); a third step of 
mounting a first adjustment stage (RSTA) at a position 
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where a stage for aligning the first object of the first main 
body frame is placed in the first manufacturing line, and 
assembling and adjusting an illumination system (IL1, 
IL2) to be mounted on the first main body frame (Steps 
102, 103); a fourth step of assembling and adjusting a 
stage system (91 B) for aligning the first object and sec- 
ond object using the second main body frame in the sec- 
ond manufacturing line (Steps 1 22 - 1 24); and a fifth step 
of removing the first adjustment stage from the first main 
body frame in the first manufacturing line, mounting the 
projection system (PL) and the stage system (91 B) re- 
moved from the second main body frame on the first 
main body frame to assemble the first exposure appa- 
ratus (Steps 105- 107). 

[0012] According to the present invention mentioned 
above, the stage system (91 B) assembled and adjusted 
using the second main body frame (90B) in the second 
manufacturing line is installed to the first main body 
frame (90A) on the firsl manufacturing line, therefore a 
large scale dedicated adjustment jig for adjusting the 
stage system is unnecessary. In this case, it is prefera- 
ble to assemble and adjust the second exposure appa- 
ratus using the second main body frame (90B) in the 
second manufacturing lino after the fifth step (Steps 1 26 
- 129). By this, exposure apparatuses can be manufac- 
tured continuously. 

[0013] The fifth step further comprises, for example: 
a first sub-step of mounting the projection system on the 
first main body frame (Step 105) a second sub-step of 
mounting the second adjustment stage (WSTA) at a po- 
sition where the stage for aligning the second object on 
the first main body frame is mounted, and adjusting the 
projection system (Step 1 06); a third sub-step for remov- 
ing the first and second adjustment stages from the first 
main body frame (first half of Step 107): and a fourth 
sub-step for mounting the stage system removed from 
the second main body frame on the first main body 
frame (latter half of Step 107). In the second manufac- 
turing line, the present invention may further comprise 
a step of mounting the removed first adjustment stage 
at a position where the stage for aligning the first object 
of the second main body frame is placed in the second 
manufacturing line after removing the stage system 
from the second main body frame, and assembling and 
adjusting the illumination system to be mounted on the 
second main body frame. Also the present invention 
may further comprise a step of mounting the removed 
second adjustment stage at a position where the stage 
for aligning the second object of the second main body 
frame is placed, and adjusting the projection system. 
[0014] When the first and second adjustment stages 
are attached/removed, as mentioned above, it is prefer- 
able that the structure of the exposure apparatus is not 
a structure where each mechanism section is sequen- 
tially stacked up on a predetermined base member, but 
?- firucture where the rtape forthe rerond objeel ir sup- 
ported by being suspended at the base of the main body 
frame, and the stage for the first object is supported at 



the top section of the main body frame. This structure is 
also a structure which can decrease the influence of vi- 
bration, so exposure apparatuses having a structure 
which can decrease the influence of vibration can be ef- 

5 ficiently manufactured by the present invention. 

[0015] In this case, the first adjustment stage further 
comprises, for example, a pin hole (64a) which can 
move two dirnensionally, and a photo-electric detector 
(68) which detects the exposure beam which passes 

10 through this pin hole by an optical Fourier-transform sur- 
face, and the dispersion of the coherence factors of the 
illumination system can be measured using this adjust- 
ment stage. 

[0016] When the exposure apparatus is a scanning 
*5 exposure type exposure apparatus which moves the 
first object and the second object in a predetermined 
scanning direction synchronously and executes expo- 
sure, the first adjustment stage further comprises, for 
example, a pin hole (64a) which can move in a non- 
20 scanning direction crossing the scanning direction and 
a photo-electric detector (68) which detects the expo- 
sure beam which passes through this pin hole, and a 
substantial two-dimensional illuminance unevenness of 
the illumination system can be measured using this ad- 
25 justment stage. 

[0017] As another example, the first adjustment stage 
further comprises a slit (64b) which can move in a non- 
scanning direction crossing the scanning direction, and 
a photodetector (71) which detects the exposure beam 
30 which passes through this slit, and a substantial two- 
dimensional illuminance unevenness of the illumination 
system can be measured using this adjustment stage. 
Also it is preferable that the stage system installed to 
the second main body frame is adjusted based on the 
35 positional relationship between the first main body 
frame and the first adjustment stage, and that the stage 
system installed to the second main body frame is ad- 
justed based on the positional relationship between the 
first main body frame and the second adjustment stage. 
40 [0018] It is also preferable that a partial illumination 
system (IL2) at the first object side of the illumination 
system is installed so as to slide with respect to the first 
main body frame (90A), so that the partial illumination 
system is retracted when the first adjustment stage is 
45 attached to/removed from the first main body frame and 
when the stage system is installed. This makes it easier 
to attach/remove the adjustment stage and to install the 
stage system. 

[0019] A first exposure apparatus according to the 
50 present invention is an exposure apparatus which ex- 
poses a second object (W1) by an exposure beam via 
a first object (R1) and a projection system (PL), and 
which comprises an illumination system (IL1 , IL2) which 
has a main body frame (90A) and a partial illumination 
55 system (1L2) that is slidable with respect to the main 
bodv frame and illuminate? the first object by an expo- 
sure beam therefrom, and a stage system (RST, WST) 
which can be installed to the main body frame when the 



4 



DOCID: <EP 1220037A2 I > 



7 



EP 1 220 037 A2 



8 



partial illumination system is retracted from the main 
body frame, and aligns the first object and the second 
object. 

[0020] In this exposure apparatus, the adjustment 
stage can be easily mounted instead of the stage sys- 
tem in a state where the partial illumination system is 
retracted, so the exposure apparatus can be manufac- 
tured by the manufacturing method of the exposure ap- 
paratuses of the present method. It is preferable that the 
stage system further comprise a first stage (RST) and 
a second stage (WST) which align the first object and 
the second object respectively, where the second stage 
is supported by being suspended from the main body 
frame, and the first stage is supported on the main body 
frame via the vibration proof member (5 or 7). 
[0021] The main body frame further comprises : for ex- 
ample, a base member (3), a first member (5) which is 
placed on the base member via a vibration proof mem- 
ber (4), and second members (13, 14, 25) which are 
placed on the first member via a vibration proof member 
(6), wherein the partial illumination system of the illumi- 
nation system is supported on the second member, and 
the projection system is supported at the base of the 
second member. 

[0022] The stage system further comprises a first 
stage and a second stage which align the first object 
and the second object respectively, and the first stage 
(RST), for example, is placed on the first member via a 
vibration proof member (7). 

Also the first stage, for example, is placed on the second 
member parallel to the partial illumination system. 
[0023] A second exposure apparatus according to the 
present invention is an exposure apparatus which illu- 
minates a second object (W1 ) by an exposure beam via 
a first object (R1) and a projection system (PL), com- 
prising: a base member (3); and afirst member (5) which 
is placed on the base member via a first vibration proof 
member (22); second members (13, 14, 25) which are 
placed on the first member via a second vibration proof 
member (6) so as to hold the projection system; a first 
stage (RST) which is supported by the first member so 
as to align the first object; and a second stage (WST) 
which is supported by being suspended from the first 
member so as to align the second object, wherein the 
first stage and the second stage are removably support- 
ed by the first member respectively 
[0024] In the above mentioned exposure apparatus, 
the second stage is supported by being suspended and 
the first stage is supported to be almost symmetrical to 
the second stage in the vertical direction, so the influ- 
ence of vibration is not mutually transferred very much, 
and the influence of vibration can be decreased. These 
stages can be easily removed/attached and the adjust- 
ment stage can be easily mounted instead of these stag- 
es, therefore the exposure apparatus can be manufac- 
luieci by the man ul act unrig meinoc 1o< tne exposure ap- 
paratus of the present invention. In this case, too, if the 



or a double stage type, the effect of eliminating a large 
scale dedicated adjustment jig is extremely high. 
[0025] In this case, the first stage, for example, is sup- 
ported by the first member via a third vibration proof 

5 member (7). Because of this, the mutual influence of vi- 
bration between the first stage and the second stage is 
further decreased. Also the first stage, for example, is 
supported by the second member parallel to the projec- 
tion system. In this configuration, too, a vibration proof 

10 member exists between the second member and the 
first member, so the mutual influence of vibration be- 
tween the first stage and the second stage is further de- 
creased. It is preferable that a sensor (24A) for detecting 
the position of at least one of the second stage and sec- 

15 ond object is installed to the second member, and using 
the detection information by this sensor, the position of 
the second stage can be adjusted. The device manu- 
facturing method of the present invention includes a 
step of transferring a device pattern onto a work piece 

20 (W1) using one of the exposure apparatuses of the 
present invention. By the device manufacturing method 
of the present invention, high functioning devices can 
be manufactured at high precision at low cost. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 
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Fig. 1 shows a diagram depicting a configuration of 
a projection exposure apparatus, which is an exam- 
ple of an embodiment of the present invention, 
where a part is cut away; 

Fig. 2 shows a plan view depicting the wafer stage 
system in Fig. 1 ; 

Fig. 3 shows a diagram depicting a configuration of 
the main body module 90A and the illumination sys- 
tem of the projection exposure apparatus during 
manufacturing in the first manufacturing line, where 
a part is cut away; 

Figs. 4A and 4B show diagrams depicting the struc- 
ture of the projection optical system PL in Fig. 1 and 
the manufacturing method thereof; 
Fig. 5 shows a cross-sectional view along the line 
AA in Fig. 4B; 

Fig. 6 shows a diagram depicting the main body 
module 90A, illumination system, and projection op- 
tical system PL of the projection exposure appara- 
tus during manufacturing in the first manufacturing 
line, where a part is cut away; 
Fig. 7 shows a diagram depicting the stage module 
91 B of the projection exposure apparatus during 
manufacturing in the first manufacturing line, where 
a part is cut away; 

Fig. 8 shows a diagram depicting the loader module 

92A in Fig. 1 ; 

Hgs. bA anc 9b show How charts depicting an e>- 
ample of the manufactu ring sequence of the projec- 
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Fig. 1 0 shows a diagram depicting a state when the 
tool reticle stage system RSTA and the tool wafer 
stage system WSTA are mounted on the main body 
module 90A of the projection exposure apparatus 
in another embodiment example of the present in- 
vention, where a part is cut away; 
Fig. 11 A shows a plan view depicting an example 
of the illumination system measuring device 63 in 
Fig. 1 0, and Fig. 1 1 B shows a cross -sectional view 
of Fig. 11 A viewed from the front face; and 
Fig. 1 2A shows a plan view depicting key sections 
of another example of the illumination system 
measuring device 63 in Fig. 10, Fig. 12B shows a 
side view of Fig. 12A, and Fig. 12C shows a front 
view of Fig. 12A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] An embodiment of the present invention will 
now be described with reference to Fig. 1 - Fig. 9. This 
example is the case when the present invention is ap- 
plied to manufacturing a scanning exposure type pro- 
jection exposure apparatus based on a step-and-scan 
system. 

Fig. 1 shows the projection exposure apparatus of this 
example, and in Fig. 1 , the projection exposure appara- 
tus of this example is installed, for example, in a clean 
room on a floor 1 of a semiconductor device manufac- 
turing factory. 

For the exposure light source 1 6 of the projection expo- 
sure apparatus, such as an excimer laser light source 
as KrF (wavelength 248nm) or ArF (wavelength 1 93nm) 
is used in this example, but an F 2 laser light source 
(wavelength 157nm), Kr 2 laser light source (wavelength 
1 46nm), YAG laser harmonic generator, semiconductor 
laser harmonic generator or a mercury lamp can be 
used. 

[0028] The exposure light IL, which is an exposure 
beam emitted from the exposure light source 1 6 at ex- 
posure, enters the first illumination system IL1 in the first 
sub-chamber 17. The first illumination system IL1 is 
comprised of a beam matching unit (BMU), beam shap- 
ing optical system, optical integrator (uniformizer or ho- 
mogenizer) to uniform the illuminance distribution, light 
quantity monitor, variable aperture stop, and relay lens 
system. The emission face of the first illumination sys- 
tem IL1 is almost conjugate with the pattern face (reticle 
face) of the reticle, which is an illuminated object, the 
variable field stop 19 is disposed on the emission face, 
and the illumination distribution correction filter 18 is for 
correcting the illuminance distribution in the illumination 
area is disposed on a nearby face at the incident side 
of the variable field stop 19 (face defocused from the 
conjugate face with the reticle face). 
[00?o] The variable field stop 1 9 opens/closes the vis- 
ual field so thai patterns, other than the original circuit 
pattern, are not exposed when scanning exposure to 



each shot area of a wafer, which is the substrate to be 
exposed, starts or ends. The variable field stop 19 is 
also configured such that the width of the visual field in 
a non-scanning direction can be changed according to 
5 the size of the transfer target circuit pattern in the non- 
scanning direction before a scanning exposure. The first 
illumination system IL1 where the variable field stop 19, 
which may generate vibration when the viewing field is 
opened or closed, is disposed, is supported separately 
10 from the exposure main body section, and thereby the 
exposure accuracy in the exposure main body section 
(alignment accuracy, transfer fidelity) improves. 
[0030] The exposure light IL, which passes through 
the variable field stop 1 9, enters the second illumination 
'5 system IL2 in the second sub-chamber 1 5 installed in a 
predetermined column of the exposure main body sec- 
tion. Also as mentioned later, parts of the members at 
the emission side of the second illumination system IL2 
are installed outside the second sub-chamber 15. The 
second illumination system IL2 includes a relay lens 
system, mirror for bending an optical path, capacitor 
lens system, and a fixed field stop 21 , and the exposure 
light IL, which passes through the second illumination 
system IL2, illuminates the illumination area on the pat- 
tern face (reticle face) of the reticle R 1 (or R2) as a mask. 
The fixed field stop 21 of this example is secured to the 
bottom face of the reticle alignment section 20 where a 
reticle alignment microscope is disposed for aligning the 
reticles R1 and R2. In other words, the fixed field stop 
21 is disposed on a face which is defocused for a pre- 
determined amountf rom the top face adjacent to the ret- 
icles R1 and R2, that is, the reticle face. An opening to 
regulate the illumination area on the reticle face to be a 
slit area elongated in a non-scanning direction perpen- 
dicular to the scanning direction is formed on the fixed 
field stop 21 . The fixed field stop 21 may be disposed 
near the conjugate face with the reticle face, that is, near 
the installation face of the variable field stop 1 9, for ex- 
ample. In this example, the illumination system (illumi- 
nation optical system) is comprised of the first illumina- 
tion system IL1 and the second illumination system IL2. 
[0031 ] The image of the pattern in the illumination ar- 
ea of the reticle R1 (or R2) is projected under the expo- 
sure light IL onto the slit type exposure area on the wafer 
W1 (or W2) where photo-resist is coated, as a photo- 
sensitive substrate (substrate to be exposed) at projec- 
tion magnification P (e.g. p is 1/4 or 1/5) via the projec- 
tion optical system PL, which is the projection system 
for exposure. In this state, the reticle R1 and the wafer 
W1 are synchronously moved in a predetermined scan- 
ning direction with projection magnification p as the ve- 
locity ratio, then the pattern image of the reticle R1 is 
transferred to one shot area on the wafer W1 . The reti- 
cles R1 and R2 correspond to the first object of the 
present invention, the wafers W1 and W2 correspond to 
thp seccnd obipci of thp nrprenl invpntior: andth^ wa- 
ters W1 and W2 are, tor example, disk type substrates 
made from semiconductor (e.g. silicon) or SOI (Silicon- 
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On-lnsulator). 

[0032] The configuration of the projection optical sys- 
tem PL will be described later, but now the projection 
optical system PL will be described using the Z axis, 
which is parallel to the optical axis AX of the projection 
optical system PL, the X axis : which is on a plane per- 
pendicular to the Z axis (this roughly matches the hori- 
zontal plane in this example) and is along a non-scan- 
ning direction perpendicular to the scanning direction 
SD of the reticle R1 and wafer W1 during scanning ex- 
posure (that is, a direction perpendicular to the paper 
face in Fig. 1), and the Y axis, which is along the scan- 
ning direction SD thereof (that is, a direction parallel to 
the paper face in Fig. 1). 

[0033] Initially a general configuration of the exposure 
main body section, including the stage system which 
supports the reticles R1 and R2, projection optical sys- 
tem PL, and the stage system which supports the wafers 
W1 and W2 in this example, will be described. In other 
words, the roughly rectangular plate type frame caster 
2 is installed to the floor 1 , and the first sub-chamber 1 7, 
where the first illumination system IL1 is stored, is se- 
cured at the edge in the +Y direction of the frame caster 
2 via the first illumination system support section 22. The 
cylindrical main body support section 3 is installed re- 
spectively at three locations roughly corresponding to 
the vertex of the equilateral triangle at the peripheral 
portion of the top face of the frame caster 2, the main 
body column 5 is installed to the top face of the three 
main body support sections 3 via the active vibration 
proof stand 4, and an electric level or an optical displace- 
ment sensor (not illustrated), such as a tilt angle detec- 
tor, is installed to the main body column 5. The active 
vibration proof stand 4 includes an air damper or a me- 
chanical damper which withstands heavy weight, such 
as a hydraulic damper, and an electro-magnetic damp- 
er, which is comprised of an electro-magnetic actuator, 
such as a voice coil motor, and for example, the electro- 
magnetic dampers in the three active vibration proof 
stands 4 are driven and the pneumatics or hydraulics of 
the mechanical damper is controlled if necessary so that 
the tilt angle of the top face of the sub-column 5a at the 
bottom end of the main body column 5 detected by the 
displacement sensor, with respect to the horizontal 
plane, is controlled to within tolerance. In this case, the 
high frequency vibration from the floor is attenuated by 
the mechanical damper before [vibration] is propagated 
to the exposure main body section, and the remaining 
low frequency vibration is attenuated by the electro- 
magnetic damper. 

[0034] A reticle chamber 8, which is an airtight cham- 
ber to cover the later mentioned reticle stage system 
RST is installed on the top face of the main body column 
5, and a rectangular frame-shaped reticle drive mecha- 
nism 9 ; for driving the micro-movement stage 32 of the 
leiicie stage sysien. h£"i in liit bc&rimnc, oneciioh ai h 
predetermined speed so as to correct synchronization 



[0035] The sub-chamber 5b protrudes at a position at 
the middle height of the main body column 5, and the 
reticle support section RS is installed to the top face of 
the sub-column 5b via the three active vibration proof 
5 stands 7 located roughly at the vertex of the equilateral 
triangle, the reticle base 31 , which is a base member, is 
secured to the top face of the reticle support section RS, 
and an opening for the exposure light IL to pass through 
is formed at the center of the reticle base 31 . The top 
10 face of the reticle base 31 is processed to be a guide 
face which has an extremely fine flatness, and the finely 
moving stage 32, which is a movable stage at the reticle 
side, is placed on the guide face via the air bearing so 
as to smoothly slide two-dimensionally, and two reticles 
is R1 and R2 are held onto the finely moving stage 32 by 
vacuum suction. The reticles R1 and R2 on the finely 
moving stage 32 are held by a double holder type so as 
to be adjacent to each other in the scanning direction, 
so that double exposure, for example, can be efficiently 

20 executed. The support section of the reticle alignment 
section 20 is secured at the edge of the reticle base 31 
in the +Y direction , and the reticle alignment microscope 
and the fixed field stop 21 are installed in the reticle 
alignment section 20, as mentioned above. 

25 [0036] The active vibration proof stand 7 has the 
same configuration as the active vibration proof stand 4 
(the withstand load, however is set to be lower than the 
active vibration proof stand 4), and an electric level or 
an optical displacement sensor (not illustrated), such as 

30 a tilt angle detector, is installed at the edge of the guide 
face of the reticle base 31 . For example, operation of 
the three active vibration proof stands 7 is controlled so 
that the tilt angle of the guide face detected by the dis- 
placement sensor (tilt angle around the 2 axes : that is, 

35 around the X axis and the Y axis) with respect to the 
horizontal plane is maintained to within tolerance. 
[0037] The above mentioned reticle drive mechanism 
9 is disposed surrounding the finely moving stage 32 in 
this example, and the reticle drive mechanism 9 is com- 

^o prised of a coarse motion stage driven at a predeter- 
mined speed alternately in the +Y direction and the -Y 
direction, and an actuator, which drives the finely mov- 
ing stage 32 with respect to the coarse motion stage for 
a micro-amount in the X direction, the Y direction, and 

^5 the rotating direction within a predetermined small 
range. The two-dimensional position and the rotation 
angle of the finely moving stage 32 and the position of 
the coarsely moving stage in the Y direction are meas- 
ured at high precision by the laser interferometer, not 

so illustrated, respectively, and the position and the speed 
of the finely moving stage 32 are controlled based on 
this measurement result. 

[0038] In this example, the reticle stage system RST 
is comprised of the reticle base 31, the finely moving 
55 stage 32 ; the reticle drive mechanism 9 ; and the laser 

inienei orneiei. which ^ no; illus.naiec.1 he configuration 
of the reticle stage system RST is disclosed, for exam- 

pic, mi wapaii&ou i aid u r\[y ^iioquui i LaiU-\JfJCi I NU. 
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10-209039 (corresponding to US Patent No. 
6,327,022), the contents of which are incorporated here- 
in by reference. The reticle stage system RST in this 
example is a double holder type, but the reticle stage 
system RST may be a double reticle stage type where 
two reticles are placed on independent movable stages 
(single holder type) or may be a single holder type single 
stage where one reticle is used. 
[0039] On the top face of the sub-column 5a at the 
bottom edge of the main body column 5, a projection 
system column 1 3, where a U-shaped opening is formed 
at the center, is supported via the three active vibration 
proof stands 6 located roughly at the vertex of the equi- 
lateral triangle, and the projection optical system PL, 
where a flange section is at the center, is installed to the 
opening of the projection system column 13 via a ring- 
shaped sub-column 25. The active vibration proof stand 
6 has the same configuration as the active vibration 
proof stand 4 (the withstand load, however, is set to be 
lower than the active vibration proof stand 4), and an 
electric level or an optical displacement sensor (not il- 
lustrated), such as a tilt angle detector, is installed to the 
top face of the projection system column 13. For exam- 
ple, operation of the three active vibration proof stands 
6 is controlled so that the tilt angle of the top face of the 
projection system column 13, with respect to the hori- 
zontal plane, detected by the displacement sensor (tile 
angle around the two axes, that is, around the X axis 
and the Y axis), is maintained to within tolerance. 
[0040] The cylindrical second illumination support 
section 14 is secured to the top face of the projection 
system column 13 at the sub-chamber 1 7 side, and the 
second sub-chamber 15 (where the second illumination 
system IL2 is housed) is supported at the top edge of 
the illumination system support section 1 4. Therefore in 
this example, the second illumination system IL2 and 
the projection optical system PL are supported on a 
common active vibration proof stand 6, so the image for- 
mation characteristic of the projection optical system PL 
is stably maintained. 

[0041] The flat plate-shaped sensor column 34, 
where an opening to pass through the projection optical 
system PL is formed at the center, is supported by being 
suspended from the bottom face of the projection sys- 
tem column 1 3 via two sub-columns 33 : and the off-axis 
type FIA (Field Image Alignment) image formation sys- 
tem alignment sensor 35A is secured to this sensor col- 
umn 34. Another alignment sensor 35B (see Fig. 2) is 
disposed with the alignment sensor 35A so as to sand- 
wich the projection optical system PL in the X direction. 
The light receiving section 24A for detecting a predeter- 
mined luminous flux from the wafer stage is installed to 
the sensor column 34, so that the position of the wafer 
stage, with respect to the projection optical system PL, 
can be measured by this light receiving section 24A. The 
ssjlr focuf senrcr illuftrF.iPc^ f<-r measuring the dp 
focus amount of the exposure target water surface from 
the image surface of the projection optical system PL is 



also installed to the sensor column 34. 
[0042] Now the wafer stage system of the present ex- 
ample will be described in detail. Initially the wafer base 
38, which is a base member comprised of a small base 

5 panel, is supported be being suspended from the bottom 
face of the sub-column 5a at the bottom edge of the main 
body column 5 via the wafer stage suspension sections 
36A and 36B at two locations arranged facing each oth- 
er in the Y direction. The top face of the wafer base 38 

10 is processed to be a guide face which has an extremely 
fine flatness, and the first wafer stage 41 A is placed on 
the guide face via the air bearing so as to smoothly slide 
two-dimensionally along the Y axis slider 42A and the 
X axis linear guides 39 and 40, and the first wafer W1 

15 is held onto the wafer stage 41 A via the wafer holder 
43A by vacuum suction, for example. 
[0043] The wafer stage 41 A moves continuously in 
the Y direction by the linear motor system, for example, 
and also moves in steps in the X direction and the Y 

20 direction. Also a sample stand is built inside the wafer 
stage 41 A, which micro-drives the wafer W1 in three de- 
grees of freedom, that is, in the X direction, the Y direc- 
tion and the rotation direction around the Z axis, and 
drives the wafer W1 in three degrees of freedom, that 

25 is, for displacement in the Z direction and in the tilt an- 
gles around the 2 axes (this is around the X axis and the 
Y axis) to execute leveling and focusing. 
[0044] In this example, the second wafer stage 41 B, 
along with the first wafer stage 41 A, is placed on the 

30 wafer base 38 so as to move freely via the air bearing, 
and the second wafer W2 is placed on the wafer stage 
41 B via the wafer holder 438. The second wafer stage 
41 B is also driven two-dimensionally by a linear motor 
system, for example, so as not to mechanically interfere 

35 with the wafer stage 41 A. The double wafer stage type 
(or twin stage type) wafer stage system WST of this ex- 
ample is comprised of a wafer base 38, wafer stages 
41 A and 41 B, wafer holders 43A and 43B, and a drive 
mechanism thereof. In this configuration, the wafer W2 

40 can be replaced and aligned at the second wafer stage 
41 B side when a scanning exposure is being executed 
on the wafer W1 at the first wafer stage 41 A side, for 
example, so high throughput can be implemented. 
[0045] The two-dimensional position, yawing amount, 

45 pitching amount, and rolling amount of the wafer stages 
41 A and 41 B are measured at high precision by the laser 
interferometer, which is not illustrated, the focus position 
(position in the optical axis direction of the projection op- 
tical system PL) and the tile angle of the wafers W1 and 

so W2 during exposure are measured by the auto focus 
sensor, which is not illustrated, and the positions of the 
wafer stages 41 A and 41 B, and the focus position and 
tile angle of the wafers W1 and W2 are controlled based 
on these measurement values. 

55 [0046] In Fig. 1 , the pre-alignment mechanism 37 for 
pvect'tinc r-r^-pl'crr-e^ v~r- ^ gfe-r W1 ?nc M V" if dif • 
posed above the water stage system WST via the wafer 
stage suspension section 36B. Also the wafer loader 
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system 10 is disposed adjacent to the exposure main 
body section in the -Y direction, on which the reticle 
loader system 11 is installed, and the reticle replace- 
ment section 12 is disposed between the reticle loader 
system 11 and the reticle stage system RST. 
[0047] Now the configuration of the double wafer 
stage type wafer stage system WST of this example will 
be described in detail with reference to Fig. 2. 
Fig. 2 is a plan view depicting the wafer stage system 
WST in Fig. 1 , and as Fig. 2 shows, a pair of alignment 
sensors 35A and 35B for wafer alignment are disposed 
sandwiching the projection optical system PL in the X 
direction (non-scanning direction) in this example. And 
a pair of X axis linear guides 39 and 40 are secured par- 
allel to the X axis sandwiching the two wafer stages 41 A 
and 41 B of the wafer stage system WST of this example, 
in the scanning direction SD (Y direction) during a scan- 
ning exposure. A first pair of X axis sliders 44A and 45A 
are placed on the X axis linear guides 39 and 40 via an 
air pad respectively so as to be slidable in the X direc- 
tion, the first Y axis slider 42A stretching in the Y direc- 
tion is disposed on the X sliders 44A and 45A via an air 
pad respectively so as to be slidable in the Y direction, 
and the first wafer stage 41 A is disposed on the Y axis 
slider 42A via an air pad so as to be slidable in the Y 
direction. 

[0048] Also the X axis linear motor (not illustrated), for 
relative driving of the X axis sliders 44A and 45A on the 
X axis linear guides 39 and 40 in the X direction respec- 
tively, and the Y axis linear motor (not illustrated), for 
relative driving of the wafer stage 41 A on the Y axis slid- 
er 42A in the Y direction, are installed. In this example, 
the Y axis slider 42A is supported so as to move on the 
X axis sliders 44A and 45A in the Y direction, and the 
wafer stage 41 A is driven on the Y axis slider 42A in the 
Y direction (scanning direction) so that the law of mo- 
mentum conservation is satisfied. By this, vibration dur- 
ing scanning exposure is decreased and exposure ac- 
curacy is improved. At this time, the moving mirror 49XA 
on the X axis and the moving mirror 49YA on the Y axis 
are disposed on the side face at the -X direction side 
and on the side face on the +Y direction side of the wafer 
stage 41 A respectively, in order to measure the position 
and rotation angle of the wafer stage 41 A on the XY 
plane. 

[0049] Also a second pair of X axis sliders 44B and 
45B are placed parallel to the pair of X axis sliders 44A 
and 45A on the X axis linear guides 39 and 40 via an air 
pad respectively so as to be slidable in the X direction, 
the second Y axis slider 42B is disposed on the X axis 
sliders 44B and 45B via an air pad respectively so as to 
be slidable in the Y direction, and the second wafer 
stage 41 B is disposed on the Y axis slider 42B via an 
air pad so as to move relatively in the Y direction. For 
the wafer stage 41 B : as well the X axis linear motor ( not 
illustrated) ioi relatively anvinc, tr.e L axi^ sliders 44B 
and 45B on the X axis linear guides 39 and 40 in the X 
direction, and the Y axis linear motor (not illustrated) for 



relatively driving the waferstage 41 B on the Y axis slider 
42B in the Y direction are installed. 
[0050] In the constitution of double wafer stage (twin 
stage) of this example, the first wafer stage 41 A and the 
5 second wafer stage 41 B use the exposure area of the 
projection optical system PL, half of the surface of the 
wafer base 38 at the -X direction side and half of the 
surface at the +X direction side as a main area in which 
the wafer is movable respectively, and while an expo- 
Jo sure is executed at one wafer stage, wafer replacement 
and wafer alignment are executed on the other wafer 
stage. The alignment sensor 35A at the -X direction side 
of the projection optical system PL is used when the wa- 
fer W1 on the first wafer stage 41 A is aligned, and the 
15 alignment sensor 35B at the +X direction side is used 
when the wafer W2 on the second wafer stage 41 B is 
aligned. 

[0051] In order to measure the base line amount 
(space between the detection center and exposure 

20 center) of the alignment sensor 35A, the reference mark 
member 46A, where a predetermined reference mark is 
formed, is secured to the upper right edge of the top face 
of the first wafer stage 41 A. A reference mark to be used 
for aligning the reticles R1 and R2 using the reticle align- 

25 ment microscope installed at the reticle alignment sec- 
tion 20 in Fig. 1 is also formed on the reference mark 
member 46A. In this second wafer stage 41 B : on the 
other hand, the moving mirror 49XB on the X axis and 
the moving mirror 49YB on the Y axis are secured to the 

30 edge at the +X direction side and to the edge at the +Y 
direction side respectively, and the reference mark 
member 46B for a base line check of the alignment sen- 
sor 35B and for reticle alignment is secured to the upper 
left edge of the wafer stage 41 B. In other words, these 

35 two wafer stages 41 A and 41 B are configured to be 
roughly symmetrical with respect to an axis parallel to 
the Y axis. The end faces of the wafer stages 41 A and 
41 B may be mirror-finished to be reflection faces so as 
to be used instead of the moving mirrors 49XA, 49YA, 

40 49XB and 49YB. 

Also in Fig. 2, a wafer loader system (not illustrated) for 
the first wafer stage 41 A is disposed at the -X direction 
side on the front side (-Y direction side) of the X axis 
linear guide 39, and the wafer loader system (not illus- 

45 trated) for the second wafer stage 41 B is disposed at 
the +X direction side. The light emitting sections 23A 
and 23B are disposed on the wafer stages 41 A and 41 B 
respectively. The light emitting section 23A generates 
luminous flux to indicate the position of the wafer stage 

so 41 a to the light receiving section 24A in Fig. 1 , and the 
light emitting section 23B generates luminous flux to in- 
dicate the position of the wafer stage 41 B to the corre- 
sponding light receiving section. 

[0052] An example of the measurement system of the 
55 wafer stage system WST of this example will now be 

aescrioec. in i ic,. L : me optical axis a.X ol the projection 
optical system PL (exposure center), the optical axis of 

tha fire* a^^nmant cAn^Ar oca MataM : nn r^cx*^teyr\ ^ 
li ic I n oi any i n i ici i l ociioui oja (ucicoliui i ochici;, anu 
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the optical axis of the second alignment sensor 35B (de- 
tection center), are arranged on lines parallel to the X 
axis. And the two measurement beams, for which a sym- 
metric axis is an axis which passes through the optical 
axis AX and is parallel to the X axis, are irradiated from 
the laser interferometer 50XA in the -X direction onto 
the moving mirror 49AX of the X axis of the first wafer 
stage 41 A. And the two measurement beams, which are 
symmetrical with the measurement beams with respect 
to the optical axis AX, are irradiated onto the moving 
mirror 49XB of the X axis of the second wafer stage 41 B 
from the laser interferometer 50XB in the +X direction. 
In addition to these two measurement beams, measure- 
ment beams which are actually distant in the Z direction 
are also irradiated onto the moving mirrors 49XA and 
49XB, and the laser interferometers 50XA and 50XB 
measure the positions in the X direction, rotation angle 
around the Z axis (yawing amount) and rotation angle 
around the Y axis (rolling amount) of the wafer stages 
41 A and 41 B, respectively. Each measurement value of 
the laser interferometers 50XA and 50XB is used for 
both at exposure using the projection optical system PL 
and when using the alignment sensor 35A or 35B. 
[0053] Two measurement beams having a symmetric 
axis which pass through the optical axis AX and which 
are parallel to the Y axis are irradiated from the laser 
interferometer 50YA. In addition to the measurement 
beams, a measurement beam which is distant in the z 
direction is included, and these measurement beams 
are irradiated onto either the moving mirror 49YA in the 
Y axis of the wafer stage 41 A or onto the moving mirror 
49YB in the Y axis of the wafer stage 41 B, and the po- 
sition of the wafer stage 41 A (or 41 B) during a scanning 
exposure in the Y direction, the rotation angle around 
the Z axis (yawing amount) and the rotation angle 
around the X axis (pitching amount) are measured by 
the laser interferometer 50YA. The laser interferometers 
50YB and 50YC having measurement beams which 
pass through the respective detection centers of the 
alignment sensors 35A and 35B and which are parallel 
to the Y axis are also installed. In the case of this exam- 
ple, the measurement values of the laser interferometer 
50YA at the center are used for measuring the positions 
of the wafer stages 41 A and 41 B in the Y direction during 
exposure using the projection optical system PL, and 
the measurement values of the laser interferometer 
50YB or 50YC are used for measuring the positions of 
the wafer stages 41 A or 41 B in the Y direction respec- 
tively when the alignment sensor 35A or 35B is used. 
The resolution of the measurement values of the laser 
interferometers 50XA, 50XB and 50YA - 50YC is about 
0.6 - 5nm (0.0006 - 0.005^m), for example. 
[0054] These laser interferometers 50XA, 50XB and 
50YA - 50YC for the wafer stage system WST are se- 
cured to the sensor column 34 in Fig. 1 . 
When the slicnmerV ope r Ption ip phiftinc tothp eypopurr 
operation, or when the water replacement operation is 
shifting to the alignment operation, for example, the 



measurement beams from the laser interferometers 
50XA and 50 YA may deviate from the moving mirror 
49XA of the wafer stages 41 A and 41 B, and measure- 
ment of the positions of the wafer stages 41 A and 41 B 

5 may be impossible. For such a case, optical, magnetic 
or capacitance type linear encoder scales 51 , 53A and 
53B are secured to the X axis linear guide 40 and to the 
Y axis sliders 42A and 42B respectively, and to read 
these scales, the X axis detectors 52XA and 52XB and 

10 the Y axis detectors 52YA and 52YB are installed to the 
X axis sliders 45A and 45B and to the wafer stages 41 A 
and 41 B respectively. By these detectors 52XA, 52XB, 
52YA and 52YB of the linear encoders, the X coordinate 
and the Y coordinate of the wafers stages 41 A and 41 B 

15 are roughly measured at about a 1 urn resolution, for ex- 
ample, within all the strokes of the wafer stages 41 A and 
41 B. 

[0055] When alignment ends and shifts to the expo- 
sure operation for the wafer stage 41 A in Fig. 2, for ex- 
20 ample, the laser interferometer 50YB in the Y axis is 
switched to the laser interferometer 50YA. In order to 
substantially transfer the Y coordinate from the laser 
interferometer 50YB to the laser interferometer 50YA at 
high precision at this time, the yawing amount of the wa- 

25 fer stage 41 A, measured by the laser interferometer 
50XA, is set to a predetermined value in a state where 
the measurement beams from the laser interferometers 
SOYA and 50YB on the 2 axes are simultaneously irra- 
diated onto the moving mirror 49YA of the wafer stage 

30 41 A : for example, then the measurement values of the 
laser interferometer 50YB are preset to the measure- 
ment values of the laser interferometer 50 YA. 
[0056] Another method, for example, is when the 
length of the moving mirror 49YA in the X direction is 

35 shorter than the space between the measurement 
beams of the laser interferometers 50YB and 50YA, the 
origin of the Y coordinate may be set with the detection 
center of the alignment sensor 35A as the reference us- 
ing the reference mark member 46A of the wafer stage 

^0 41 A at alignment, and the original of the Y coordinate 
may be set with the exposure center as the reference 
using the reference mark member 46A and the reticle 
alignment microscope at the exposure. In this method, 
the wafer stage 41 A is driven based on the measure- 

45 ment values of the detector 52YA of the linear encoder 
of the Y axis in the block where the measurement beams 
from the laser interferometers 50YB and 50YA are not 
irradiated onto the moving mirror 49YA. 
[0057] As mentioned above, the measurement sys- 

so tern of the wafer stage system WST of this example is 
comprised of the laser interferometers 50XA and 50XB 
of the X axis, the laser interferometers 50YA - 50YC of 
the Y axis, the linear encoders (51 , 52XA, 52XB) of the 
X axis, and the linear encoders (53A, 53B, 52YA and 

55 52YB) of the Y axis. In the same way, the measurement 
pyptprr p* the r<aijc!<= ptppp rvrtpm P£T jr, pj r 1 jc com- 
prised ot the laser interterometer (not illustrated) tor 
measuring two-dimensional positions in the XY plane of 
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the reticle stage 32 (finely moving stage), and the laser 
interferometer (not illustrated) for measuring the posi- 
tion of the coarse motion stage in the Y direction within 
the reticle drive mechanism 9, and these laser interfer- 
ometers are secured to the reticle base 31 . 
[0058] When the exposure light ILof the projection ex- 
posure apparatus of this example is substantially light 
outside the vacuum ultra violet region, such as an ArF 
excimer laser (wavelength 1 93nm) or an F 2 laser (wave- 
length 157nm), the absorption rate is high in normal air, 
so one or more types of purge gases selected from ni- 
trogen, which transmits vacuum ultra violet light, and 
gas groups containing rare gases (helium, neon, argon, 
krypton, xenon, radon) and others must be supplied to 
the optical path of the exposure light IL from the expo- 
sure light source 16 to the wafer stages 41 A and 41 B, 
For this, the space enclosing the sub-chambers 1 7 and 
15 and the reticle stage system RST (reticle chamber 
8), the inside of the projection optical system PL and the 
space enclosing the wafer stage system WST which are 
airtight, and the gas inside, are substituted with a purge 
gas. 

[0059] An example of the manufacturing method of 
the projection exposure apparatus of this example will 
now be described with reference to Fig. 3 - Fig. 9. In this 
example, the projection exposure apparatus is divided 
into amain body module (main body frame), illumination 
system (illumination module), projection optical system 
PL (lens module), stage module and loader module, and 
essentially each module is assembled and adjusted 
separately and a plurality of modules are linked at a pre- 
determined stage so as to manufacture one projection 
exposure apparatus. This manufacturing is executed in 
a temperature controlled clean room. 
[0060] Initially the configuration of each module will 
be described. Fig. 3 shows the main body module and 
the illumination module, and in Fig. 3, the main body 
module 90A, which is the main body frame indicated by 
a continuous line, is comprised of a frame caster 2, a 
main body support section 3 ? active vibration proof 
stands 4, 6 and 7, a main body column 5, a projection 
system column 13, a sub-column 25, an illumination 
system support section 14, a reticle support section RS, 
a sub-column 33, and one side of the wafer stage sus- 
pension section 36A. The illumination module of this ex- 
ample, on the other hand, is comprised of an exposure 
light source 1 6, a first illumination system IL1 housed in 
a sub-chamber 17, and a second illumination system 
IL2, which is a partial illumination system, housed in a 
sub-chamber 1 5. The sub-chamber 1 7 (first illumination 
system IL1) is secured to the illumination system sup- 
port section 22, which is secured to the frame caster 2, 
and the sub-chamber 15 (second illumination system 
IL2) is secured to the top edge of the illumination system 
support section 14. which is secured to the projection 
system column '* b. 

[0061] A guide shaft 15a is installed parallel to the Y 
direction (scanning direction) inside the sub-chamber 



15, and is configured such that the guide shaft 15a and 
the sub-chamber 15 (second illumination system IL2) 
can be shifted in the Y direction with respect to the illu- 
mination system support section 14. The guide shaft 

5 1 5a can be comprised, for example, of a ball screw and 
actuator engaged in the illumination system support 
section 14 so as to beslidable on the illumination system 
support section 14. Also a limit switch, for example, can 
be installed in a state where the sub-chamber 15 is se- 

10 cured to a position at the exposure, so that the sub- 
chamber 15 can be repeatedly aligned to that position 
at exposure with 0.1 mm reproducibility, for example. Ac- 
cording to this example, when the reticle stage system 
is installed to the main body module 90A, for example, 

*5 the sub-chamber 15 (second illumination system IL2) is 
retracted to the position P1 indicated by a two-dot chain 
line with respect to the illumination system support sec- 
tion 1 4, so that the attachment/removal operation forthe 
reticle stage system becomes easier. After the attach - 

20 ment/removal operation ends, the sub-chamber 15 is 
slid to the above mentioned position of the limit switch 
with respect to the illumination system support section 
14, then the sub-chamber 15 (second illumination sys- 
tem IL2) can be quickly returned to the position at expo- 

25 sure. 

[0062] Fig. 4B shows the projection optical system PL 
(lens module) of this example, and in Fig. 4B, the pro- 
jection optical system PL is comprised of a plurality of 
(7 in this example) split lens barrels, 81 A, 81 B, ... 81 G, 

30 which are linked in the optical axis direction, where a 
plurality of different lenses, 84A and 84B, are housed in 
the split lens barrels at the lowest levels, 81 A and 81 B, 
via the lens frames 83A and 83B respectively and a lens 
or a concave mirror is also housed in the other split lens 

35 barrels 81 C - 81 G. These lenses include an aspherical 
lens. A flange section for securing is installed in the split 
lens barrel 81 D, which is at the center, and an aberration 
correction section 82, where an aberration correction 
plate is housed, is installed to the top end of the split 

40 lens barrel 81 G at the highest level. A drive mechanism, 
for driving predetermined lenses in the optical axis di- 
rection and in one of the rotation directions around the 
two orthogonal axes on a plane perpendicular to the op- 
tical axis, is built into the split lens barrels 81 E - 81 G at 

45 the top, for correcting the image formation characteris- 
tics of the projection optical system PL. 
[0063] As shown in Fig. 5, which is a cross-sectional 
view of Fig. 4B, notches 81 Ba - 81 Be and through holes 
are formed along the line A-A in the split lens barrel 81 B 

50 at three locations at equal intervals, and bolts 85 are 
disposed respectively at these notches 81 Ba - 81 Be. 
Corresponding to these bolts, screw holes are formed 
at three locations on the top face of the split lens barrels 
81 A at the level below, and adjacent split lens barrels 

55 81 A and 81 B are linked by bolts 85 at the three locations 

ih Uifc OpilCcai Clf criJijul.. it. \, lit, CfcSt . infc upiloai oXIL 

between the split lens barrels 81 A and 81 B can be ad- 
justed by the clearance between the through holes 
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formed in the notches 81 Ba - 81 Be and the outer diam- 
eter of the bolts 85. In the same way, the adjacent split 
lens barrels 81 B - 81 G on the levels above are also 
linked by the bolts, which are not illustrated, in a state 
where the optical axis can be adjusted. By housing the 
bolts 85 in the notches 81 Ba - 81 Be, the entire projection 
optical system PL can be downsized. 
[0064] To manufacture the projection optical system 
PL of this example, each split lens barrel 81 A - 81 G is 
independently assembled first, as shown in Fig. 4A. 
Then as arrow AC shows, the split lens barrels 81 A - 
81 G are linked while adjusting the optical axis. Then the 
wave front aberration is measured for the entire projec- 
tion optical system PL, and the Petzval sum is deter- 
mined. If the wave front aberration and the Petzval sum 
exceed tolerance, the projection optical system PL is 
disassembled into individual split lens barrels 81 A - 81 G 
again, as arrow AD shows, and the split lens barrel caus- 
ing the wave front aberration defect is readjusted. If the 
Petzval sum is defective, the lens causing the defect is 
repolished or replaced. Then as arrow AC shows, the 
split lens barrels 81 A - 81 G are linked, and assembly 
and adjustment of the projection optical system PL com- 
pletes when both the wave front aberration and Petzval 
sum come within tolerance. 

In the step of assembling and adjusting the projection 
optical system PL, it is preferable to calculate the high 
order elements of such aberrations as distortion and 
curvature of an image field as well, using Zernike's pol- 
ynomial, for example, based on the wave front aberra- 
tion measured as described above, and to replace or 
adjust at least a part of the projection optical system PL 
based on this calculation result. At this time, the projec- 
tion optical system PL can be replaced in the optical el- 
ement unit or in the split lens barrel unit. For the above 
mentioned adjustment, at least one optical element of 
the projection optical system PL may be processed 
again, and especially for the lens element, the surface 
thereof may be processed to have an aspherical surface 
if necessary. This optical element is not only a dioptric 
element, such as a lens element, but may also be a cata- 
dioptric element, such as a concave mirror, or an aber- 
ration correction plate for correcting the aberration (e.g. 
distortion, spherical aberration) of the projection optical 
system, particularly for correcting non-rotational sym- 
metrical components. For the adjustment of the projec- 
tion optical system PL, only the position (including space 
with another optical element) and inclination of the op- 
tical element may be changed, but when the optical el- 
ement is a lens element, decentering thereof may be 
changed or the lens element may be rotated with the 
optical axis at the center. 

When optical adjustment is executed for the projection 
optical system PL by measuring the wave front aberra- 
tion again after the projection optical system PL is in- 
stalled to the main body module (main body frame) a? 
well, the optical element may be changed oi processeo 
again. The projection optical system PL has a drive 



mechanism built in to drive at least one optical element 
by a piezo element to adjust the image formation char- 
acteristics ! so depending on the above mentioned cal- 
culation result, the optical characteristics (e.g. such ab- 
5 errations as distortion, or wave front aberration) may be 
controlled within tolerance only by adjusting this drive 
mechanism. 

[0065] The projection optical system PL of this exam- 
ple is comprised of a dioptric system as an example, but 

10 a cylindrical type cata-dioptric optical system, which is 
comprised of a plurality of dioptric lenses along one axis 
and two concave mirrors which have openings near the 
optical axis respectively, may be used as the projection 
optical system PL, as disclosed in PCT International 

15 Publication No. WO00/39623. Also a cata-dioptric sys- 
tem which has a V-shaped bent optical axis and forms 
an immediate image twice inside, as disclosed in PCT 
International Publication No. WO01/65296, or a cata-di- 
optric system which has a v-shaped bent optical axis 

20 and forms an intermediate image once inside, as dis- 
closed in Japanese Patent Application Laid-Open No. 
2000-471 14, may be used as the projection optical sys- 
tem PL. The contents of PCT International Publication 
No. WO00/39623 (corresponding to US Patent Applica- 

25 tion No. 09/644645), PCT international Publication No. 
WO01/65296 (corresponding to US patent application 
No. 09/769,832), and Japanese Patent Application 
Laid-Open No. 2000-47114 (corresponding to US Pat- 
ent Application No. 09/094,579), are incorporated here- 
to in by reference. 

[0066] Fig. 7 shows the stage module 91 B of this ex- 
ample, and in Fig. 7, the stage module 91 B, indicated 
by a continuous line, is comprised of a double holder 
type reticle stage system RST, a reticle chamber 8 which 

35 houses the reticle stage system RST, a double stage 
type wafer stage system WST (including a laser inter- 
ferometer), a prealignment device 37, one side of the 
waferstage suspension section 36B, and a sensor mod- 
ule. The sensor module is further comprised of a sensor 

40 column 34 supported by the sub-column 33, the light re- 
ceiving section 24A secured to the sensor column 34, 
an alignment sensor 35A, and an auto focus sensor, 
which is not illustrated. 

[0067] To assemble and adjust this stage module, ad- 
45 justment is performed first so that the top face of the 
reticle base 31 (guide face of the reticle stage 32), the 
contact face of the sensor column 34 with the sub-col- 
umn 33 and the top faces of the wafer stages 41 A and 
41 B reach a predetermined height respectively. If nec- 
50 essary, the positions of these faces are readjusted 
based on the measured values with the main body mod- 
ule where this stage module 91 B is actually installed. If 
the fixed field stop 21 is adjusted, it is preferable to ac- 
tually irradiate the exposure light, but a compact and 
55 small output solid laser (e.g. harmonic generator of a 
YAG laser), which generate? illumination light having 
ihe same wave lengin region as the exposure light 
source 1 in Fig. 1 , for example, may be used as the laser 
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for adjustment. 

[0068] Fig. 8 shows the loader module 92A of this ex- 
ample, and in Fig. 8, the loader module 92A is com- 
prised of a wafer loader system 1 0, a reticle loader sys- 
tem 11 installed thereon, and a reticle replacement sec- 
tion 12. The wafer loader system 10 has a sensor for 
detecting the positional relationship with the frame cast- 
er 2 in the main body module in Fig. 1 , and by automat- 
ically adjusting the wafer transfer position based on the 
positional relationship detected by this sensor, it is un- 
necessary to adjust the position of the loader module 
92A once the loader module 92A is installed to the main 
body module. 

[0069] Now the manufacturing steps of the projection 
exposure apparatus with the above mentioned module 
configuration will be described with reference to the flow 
charts in Figs.9A and9B. In this example, the projection 
exposure apparatus is manufactured while transferring 
a module as a part of the mechanism section between 
the first manufacturing line and the second manufactur- 
ing line in parallel. Manufacturing line refers to that area 
where the projection exposure apparatus is assembled 
and adjusted in a clean room, and the clean room where 
the first manufacturing line of this example is installed 
(called " clean room A" ) is different from the clean room 
where the second manufacturing line is installed (called 
" clean room B" ). The first manufacturing line and the 
second manufacturing line may be installed in parallel 
within the same clean room. 

[0070J Initially the manufacturing steps in the first 
manufacturing line will be described, and in Step 101 in 
Fig. 9A, the main body module 90A of the projection ex- 
posure apparatus is assembled on floor 1 A of the clean 
room A, as indicated by the continuous line in Fig. 3. 
Then in Step 102, the sub-chamber 17, where the first 
illumination system IL1 is housed, is installed to the 
frame caster 2 of the main body module 90A via the il- 
lumination system support section 22, the sub-chamber 
1 5, where the second illumination system IL2 is housed, 
is installed to the illumination system support section 1 4, 
and the exposure light source 16 is installed corre- 
sponding to the first illumination system IL1 so as to as- 
semble the illumination system (illumination module). 
[0071] Then in Step 1 03, the tool reticle stage system 
RSTB is mounted as an adjustment stage on the reticle 
support section RS as indicated by the two-dot chain 
line. At this time, the sub-chamber 15 (second illumina- 
tion system IL2) is retracted to position P1 with respect 
to the illumination system support section 1 4 so that the 
tool reticle stage system can be easily mounted, and the 
sub-chamber 15 (second illumination system IL2) is re- 
turned to the position at exposure after the tool reticle 
stage system is mounted. 

The tool reticle stage system RSTB of this example is 

comprised of a reticle base 3 1 in the reticle stage system 

HS"i oi the aciuai proouci in 'ny. j, ano h lehcie siaye 



32. Also a measuring device, which is not illustrated, for 
measuringtheiiiumination distribution of the iiiumination 



area by the illumination system and the distribution of 
coherence factors (a value), is installed to the reticle 
stage 32, and the illumination system is adjusted so that 
the illuminance unevenness and the dispersion of co- 
5 herence factors measured by this measuring device 
come within tolerance. 

[0072] The projection optical system PL is assembled 
and adjusted in Step 104 in parallel with the steps thus 
far, as described with reference to Fig. 4. In Step 105, 
10 the projection optical system PL is mounted on the main 
body module 90A for which the illumination system has 
been installed and adjusted. For this, the sub-column 
25 removed from the main body module 90A in Fig. 3 is 
installed to the projection optical system PL for which 
*s assembly and adjustment are completed, and this pro- 
jection optical system PL and the sub-column 25 are 
mounted on the projection system column 1 3. The state 
where the projection optical system PL is mounted is 
indicated by the continuous line in Fig. 6. 
20 [0073] Then in Step 1 06, the fixed field stop 21 is in- 
stalled to the tool reticle stage system RSTB in Fig. 6 
via the reticle alignment section 20, and the tool wafer 
stage system WSTB is mounted on the bottom face of 
the main body column 5 as the adjustment stage, as in- 
25 dicated by the two-dot chain line. The tool wafer stage 
system WSTB of this example roughly has the same 
structure as the wafer stage WST of the actual product 
in Fig. 1 . The sensor column 34 for adjustment is also 
installed for the sub-column 33. In this state, the distor- 
30 tion and resolution of the projection optical system PL 
are adjusted while a test print is executed. 
[0074] Then in Step 1 07, the tool reticle stage system 
RSTB and the tool wafer stage system WSTB are re- 
moved from the main body module 90A in Fig. 6. And 
35 the stage module, for which assembly and adjustment ■ 
completed (described in detail later) in the above men- 
tioned second manufacturing line, that is, the stage 
module 91B indicated by the continuous line in Fig. 7, 
is mounted on the main body module 90A in Fig. 6. At 
^0 this time, the sub-chamber 1 5 (second illumination sys- 
tem IL2) is retractedto a position on the illumination sys- 
tem support section 14 where attachment/removal of 
the wafer stage system is not interfered with if neces- 
sary, so attachment/removal can be executed in an ex- 
^5 tremely short time. Parallel with this, the loader module 
92Ashown in Fig. 8, for which assembly and adjustment 
completed, is also installed to the main body module 
90A. Then wiring and air tight processing for the airtight 
chamber are performed to complete the projection ex- 
5° posure apparatus, which is the same as the projection 
exposure apparatus in Fig. 1. Then in Step 108, the 
completed projection exposure apparatus is unloaded 
from clean room A as product A. 

[0075] Then in Step 109, the main body module 90A 

55 fn Fig. 3 is assembled again in clean room A. And in 
Step I'iO, iltfc siaye rr,oouit. which is oun»pnsec ot the 
reticle stage system RST in Fig. 1 , the sensor coiumn 
34, various sensors io be installed thereio (sensor coi- 
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umn unit), and the wafer stage system WST, is assem- 
bled and adjusted using the main body module 90A as 
an adjustment jig. This stage module is removed in the 
next Step 111, and is mounted to the main body module 
in the second manufacturing line, as mentioned later. 
The main body module 90A, from which the stage mod- 
ule is removed, shifts to Step 1 02, where the illumination 
system is assembled, Steps 1 03 - 1 08 are repeated, and 
the next product is completed and unloaded. 
[0076] Now the manufacturing steps in the second 
manufacturing line will be described, and in Step 121 in 
Fig. 9B, the main body module 90B of the projection ex- 
posure apparatus is assembled on floor 1B of clean 
room B, as indicated by the two-dot chain line in Fig. 7. 
Then in Step 122, the reticle stage system RST is as- 
sembled and adjusted, as indicated by the continuous 
line in Fig. 7, using the main body module 90B as an 
adjustment jig. Then in Step 123, the sensor column 34 
is installed to the sub-column 33 of the main body mod- 
ule 90A, and the sensor column unit is assembled and 
adjusted by mounting the light receiving section 24A : the 
alignment sensor 35A, and the laser interferometer (not 
illustrated) and other on the sensor column 34. And in 
Step 124, the wafer stage system WST is assembled 
and adjusted so as to be suspended from the main body 
column 5 via the wafer stage suspension section 36A of 
the main body module 90A and the newly installed wafer 
stage suspension section 36B. By this, the stage mod- 
ule 91 B completes. Then in step 125, the assembled 
and adjusted stage module 91 B is removed from the 
main body module 90B in Fig. 7. The removed stage 
module 91 B is mounted to the main body module 90A 
in Fig. 6 in Step 107 in the first manufacturing line, as 
described above. 

[0077] In Step 1 25, the tool reticle stage RSTB, which 
was removed in Step 107 of Fig. 9A, is installed to the 
main body module 90B where the stage module 91 B 
was removed. In Step 126, the illumination system is 
assembled and adjusted using the tool reticle stage sys- 
tem, in the same way as in Steps 102 and 103. Parallel 
to this, the projection optical system PL is assembled 
and adjusted in Step 127, and in Step 1 28, the tool wafer 
stage system WSTB, removed in Step 107 of Fig. 9A, 
is installed to the main body module 90B. And in the 
same way as in Steps 105 and 106 of Fig. 9A, the pro- 
jection optical system PL is mounted on the main body 
module 90B and is adjusted using the tool wafer stage 
system. 

[0078] Then in Step 1 29, the tool reticle stage system 
and the tool wafer stage system are removed from the 
main body module 90B in Fig. 7, and the stage module, 
which has been assembled and adjusted in Step 110 in 
the above mentioned first manufacturing line, is mount- 
ed on the main body module 90B, and wiring and air 
tight processing for a plurality of air tight chambers are 
executed sc a? 1c complete the objection eyoosure ap- 
paratus, which is the same as the projection exposure 
apparatus in Fig. 1. Then in Step 130, the completed 



projection exposure apparatus is unloaded from clean 
room B as product B. Then Steps 121 - 130 are repeated 
and the next product is completed and unloaded. 
The repeat of these Steps 121 - 1 30 is the same as the 
5 sequence of the repeat of the Step 1 01 - 1 11 in the first 
line. In other words, in the first line and the second line, 
the same sequence is executed at shifted-time. This 
time-shifting is controlled so that the assembly and ad- 
justment of the wafer stage system in Step 124 of the 
10 second line is completed by the time the stage system 
is installed in Step 1 07 of the first line. 
[0079] The manufacturing method of this example 
can be applied when two or more exposure apparatuses 
of a same model are manufactured, so this method is 
15 applicable to cases of manufacturing most ordinary ex- 
posure apparatuses. According to this example, the 
stage modu le 91 B to be mounted on the main body mod- 
ule 90A in the first manufacturing line is assembled and 
adjusted using another main body module 90B as an 
20 adjustment jig in the second manufacturing line, so it is 
unnecessary to provide a dedicated adjustment jig for 
the stage module 91 B, which decreases the required ar- 
ea of the projection exposure apparatus in a manufac- 
turing factory and decreases manufacturing cost. Espe- 
25 cially when the stage module 91 B has a double holder 
type or a double stage type large stage system, as in 
this example, and requires that a dedicated adjustment 
jig be provided, an adjustment jig larger than the stage 
system is required, so the effect of such a method as in 
30 this example, where the main body module 90B, which 
is part of the product, is used as an adjustment jig. 
[0080] Also in this example, the main body module 
90B S which is initially used as an adjustment jig for the 
stage module 91 B, becomes the final product, so there 
35 is no waste. In the projection exposure apparatus of this 
example, the wafer stage system WST is supported by 
being suspended from the bottom face of the main body 
column 5. The reticle stage RST is supported to be 
roughly symmetrical with the wafer stage system WST 
40 in the vertical direction, and the projection optical sys- 
tem PL is supported by the main body column 5 via the 
active vibration proof stand 6, so vibration during a scan- 
ning exposure is hardly transferred to other elements, 
and the influence of vibration can be decreased consid- 
45 erably. Also with such a structure, the attachment/re- 
moval of the reticle stage system RST and the wafer 
stage system WST is easier than a conventional 
stacked up system structure, so it is easy to use a tool 
reticle stage system and a tool wafer stage system for 
50 adjusting a predetermined module, as in the case of this 
example, and to use a stage module which has been 
assembled and adjusted using another main body mod- 
ule. 

[0081] Two manufacturing lines are established in the 
55 above embodiment, but a third manufacturing line (e.g. 

iPF J i?.!!pc' in c third c!es r roon- : ) may be provided sc that 
the stage module assembly operation in Steps 109-111 
in Fig. 9 are executed in the third manufacturing line. Or 
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it is possible to establish a third manufacturing line hav- 
ing steps similar to the first and second lines in Fig. 9, 
and have a sequence to start assembly steps (corre- 
sponding to Step 109 and Step 121) of the main body 
module (90C) at a time which is later than the second 
line. In this case, the stage module removed in Step 1 1 1 
in the first line can be mounted on the main body module 
in the third line in the steps for removing the tool stage 
in the third line (corresponding to Step 107 and Step 
1 29). And the flow of the stage module can be changed 
so that the stage module removed in the stage module 
removal steps in the third line (corresponding to Step 
111 and Step 125) is mounted on the main body module 
90B in the second line in Step 129 in the second line. In 
the same way, four or more manufacturing lines may be 
established where each line has steps with the same 
sequence, operating such that the operation start time 
of a predetermined step delays slightly between lines, 
so that an assembled slage module is transferred to a 
line with a later start time. In this case, the line which 
started a predetermined step the latest can transfer the 
stage module to a line which started the step the earliest. 
In other words, the manufacturing method of this inven- 
tion can be executed by operating a plurality of lines hav- 
ing sequences with the same repeat steps with steps at 
start times when are shitted for a predetermined time. 
In the projection exposure apparatus in Fig. 1 , the sub- 
chamber 15. where the second illumination system IL2 
is housed, is supported by the illumination system sup- 
port section 14 on the projection system column 13, but 
in this example, the fixed field stop 21 is installed to the 
reticle base 31. so the second illumination system IL2 
and the sub-chamber 15 may be supported by the illu- 
mination support section 22. which supports the first il- 
lumination system IL1 (sub-chamber 17) on the frame 
caster 2, for example. 

[0082] In the projection exposure apparatus in Fig. 1 , 
the reticle support section RS is supported by the sub- 
column 5b of the main body column 5 via the vibration 
proof member 7, and the reticle stage system RST is 
supported by this reticle support section RS. Another 
possible configuration is where the reticle support sec- 
tion RS is secured to the sub-column 25 which supports 
the projection optical system PL and the reticle stage 
system RST is supported by the reticle support section 
RS. 

[0083] Another example of the embodiment of the 
present invention will now be described with reference 
to Fig. 10 - Figs. 12A to 12C. In this example, a more 
simplified stage system is used as the tool reticle stage 
system and the tool wafer stage system, which are used 
in Step 103 and Step 106 in Fig. 9 respectively, and in 
Fig. 10, the parts corresponding to Fig. 1 and Fig. 3 are 
denoted with the same numbers, for which description 
is omitted. 

[00b4j Hg. id slows tht siaifc wrieit the itluminancj. 
system, projection optical system PL, tool reticle stage 
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mounted on the main body module 90A in the steps of 
manufacturing the projection exposure apparatus of this 
example on floor 1 A of the first manufacturing line, and 
in Fig. 10, the tool reticle stage system RSTA, which is 
5 the first adjustment stage, is comprised of a base mem- 
ber 31 A which is placed on the reticle support section 
RS, a movable stage 32A which is placed on the base 
member 31 A so as to freely move two-dimensionally, 
the linear motor or stepping motor type driving device 

10 61 for driving this movable stage 32A in the X direction 
and the Y direction, an illumination system measuring 
device 63 which is secured to the movable stage 32A, 
a dummy reticle RA which is placed on the movable 
stage 32A, the support section 20A which is secured on 

15 the base member 31 A, and the fixed field stop 21 A 
which is secured to the support section 20A. The base 
member 31 A of this example is smaller than the reticle 
base 31 in Fig. 1 , and while the reticle stage system RST 
is a double holder type, the tool reticle stage system 

20 RSTA is a single holder type single stage, so the tool 
reticle stage system RSTA as a whole is much smaller 
and lighter than the reticle stage system RST. The illu- 
mination system measuring device 63 of this example 
can measure the unevenness of the illuminance distri- 

25 bution of the illumination system, the dispersion of the 
coherence factors, and telecentricity. 
[0085] In Fig. 1 0, the tool wafer stage system WSTA, 
which is the second adjustment stage, is comprised of 
a column 34A which is supported by a sub-column 33 

30 of the main body module 90A, a base member 38A 
which is supported by being suspended from this col- 
umn 34A via the suspension sections 36C and 36D, a 
movable stage 41 C which is placed on the base member 
38A so as to freely move two-dimensionally, and on 

35 where the wafer is placed on the top face, X axis linear 
guides 39A and 40A for driving this movable stage 41 C 
in the X direction, Y axis slider 42C for driving the mov- 
able stage 41 C in the Y direction, and such a driving 
device as a linear motor, which is not illustrated. In this 

40 case, the base member 38A is much smaller than the 
wafer base 38 in Fig. 1 , and the moving range of the 
movable stage 41 C is set to be much smaller compared 
with the wafer stages 41 A and 41 B in Fig. 1 . Also, while 
the wafer stage system WST is a double stage type, the 

^5 tool wafer stage system WSTA is a single holder type 
single stage, so the tool wafer stage system WSTA as 
a whole is much smaller and lighter than the wafer stage 
system WST. 

[0086] A configuration example of the illumination 
50 measuring device 63 in Fig. 10 will now be described. 
Fig. 11 A is a plan view depicting an example of the illu- 
mination system measuring device 63, Fig. 11 B is a 
cross-sectional view thereof when viewed from the front 
face, and as Fig. 11 A and Fig. 11 B show, a glass sub- 
55 strate 64 ; which transmits the exposure light is installed 

SC ciS XL CCvtri liifc OpfciiliiL, Ul lllfc I Up lcsL,fc 01 i.'it DoX- 

shaped main body section of the illumination system 
rrjQQCMrjrjg device 63, and s pin hole 64s and a slit 64b 
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elongated in the scanning direction SD (Y direction), are 
formed on the bottom face of the glass substrate 64 with 
a light shielding film as a background. The length of the 
slit 64b is set to be longer than the illumination area 26R 
of the exposure light, and a photo-electric detector 66 5 
for receiving exposure light which passes through the 
slit 64b is disposed on the bottom face of the slit 64b. A 
condensing lens 67 is disposed on the bottom face of 
the pin hole 64a, the light receiving face of a two-dimen- 
sional image pickup device 68, such as a CCD, is dis- 10 
posed on the optical Fourier transform face (pupil face) 
by the condensing lens 67, and the detection signals of 
the image pickup device 68 and the photo-electric de- 
tector 66 are supplied to the signal processing unit 69. 
[0087] A reference plate 65 for transmitting the expo- is 
sure light, where a plurality of two-dimensional patterns 
66A - 66E for characteristics evaluation are formed, is 
installed in an area which size is roughly the same as 
the illumination area 26R, so as to cover the opening 
adjacent to the glass substrate 64 on the top face of the 20 
main body section of the illumination system measuring 
device 63, and the bottom face of the reference plate 65 
has an opening so that the exposure light transmits 
through. The images of the patterns 66A - 66E for char- 
acteristics evaluation of this reference plate 65 are pro- 25 
jected to the wafer stage system side via the projection 
optical system PL, and the positions of the images are 
measured so as to evaluate the distortion and magnifi- 
cation errors of the projection optical system PL. 
[0088] When the illuminance unevenness of the illu- 30 
mination area 26R in a non-scanning direction (X direc- 
tion) is measured using the illumination system meas- 
uring device 63 in Fig. 1 1 , the illumination system meas- 
uring device 63 is aligned so that the slit 64b covers the 
illumination area 26R of the exposure light in the Y di- 35 
rection, then the illumination system measuring device 
63 is moved in the X direction (non-scanning direction), 
as indicated by arrow mark A, using the driving device 
61 , and the detection signals of the photo-electric de- 
tector 66 are monitored. With this method, the illumi- *o 
nance unevenness in the illumination area 26R in the 
scanning direction cannot be measured, and is not 
measured here since the illuminance unevenness in the 
scanning direction can be equalized by the integrating 
effect in the case of the scanning exposure system. ^ 
[0089] When the dispersion of the coherence factors 
(a value) in the illumination area 26R is measured, on 
the other hand, the illumination system measuring de- 
vice 63 is driven such that the illumination area 26R is 
scanned in the X direction and the Y direction with the so 
pinhole 64a, and the center point (center of gravity point 
of quantity of light) of the incident light on the image pick- 
up device 68 for each measurement point and the size 
of the spread of the incident light thereof are monitored. 
At this time, the size of the spread of the incident light 55 
correspond? 1c the r ^p.lue a 4 each rnepr i.'rement point 
Since the center point of the incident light corresponds 
to the incident angle of the incident light, the telecentric- 



ity of the illumination system can also be measured by 
monitoring the center point of the incident light at each 
measurement point. The illuminance unevenness in the 
scanning direction can also be measured by the integra- 
tion value of the quantity of light. 
[0090] The configuration shown in Figs. 12A to 12C 
can also be used for the illumination system measuring 
device 63. Fig. 12A is a plan view depicting the glass 
substrate 64A, which is a key section of another exam- 
ple of the illumination system measuring device 63, Fig. 
1 2B is a side view thereof, Fig. 1 2C is a front view there- 
of, and as Fig. 12A - Fig. 12C show, the pin hole 64a 
and the slit 64b, which is elongated in the scanning di- 
rection SD (Y direction), are formed in a line along the 
non-scanning direction on the bottom face of the glass 
substrate 64A with the light shielding film as a back- 
ground. The condensing lens 67 and the two-dimen- 
sional image pickup device 68 (light receiving face lo- 
cates on the pupil face) are disposed on the bottom face 
of the pin hole 64a, a cylindrical lens 70, having refract- 
ing power in the X direction, is disposed on the bottom 
face of the slit 64b, and the light receiving face of the 
two-dimensional image pickup device 71, such as a 
CCD, is disposed on the optical Fourier transform face 
(pupil face) of this cylindrical lens 70. 
[0091] In this example, as Fig. 12A shows, the glass 
substrate 64A and the detection system are moved in 
the non-scanning direction (X direction) as indicated by 
arrow mark A so as to cover the illumination area 26R 
with the slit 64b, and the dispersion of the width of the 
light quantity distribution of the incident light to the im- 
age pickup device 71 in the X direction at each meas- 
urement point is monitored, so that the unevenness of 
the coherence factors in the non-scanning direction in 
the illumination area 26R can be measured. Since the 
width of the illumination area 26R in the scanning direc- 
tion is narrow and the dispersion of the coherence fac- 
tors in the scan ning direction in the illumination area 26R 
is small, the dispersion of the coherence factors in the 
scanning direction is not measured in this example. 
[0092] Then the glass substrate 64A and the detec- 
tion system are shifted in the non-scanning direction in 
a state where the pin hole 64a is set at the center of the 
illumination area 26R in the scanning direction, and the 
center positions in the X direction and the Y direction of 
the light quantity distribution of the incident light to the 
image pickup device 68 are monitored at each meas- 
urement point, so that the telecentricity in the illumina- 
tion area 26R can be accurately measured. Aberration 
adjustment may be executed by measuring the wave 
front aberration of the illumination optical system (first 
and second illumination systems IL1 and IL2) described 
above. 

[0093] When the semiconductor device is manufac- 
tured on a wafer using the projection exposure appara- 
tus r/ *h*= abov<= embodiment thir semiconductor de- 
vice is manufactured through the step of designing func- 
tions and the performance of the device, the step of 



16 



DOC ID: <EP 1220037A2J_> 



31 



EP 1 220 037 A2 



32 



manufacturing the reticle based on this step, the step of 
manufacturing a wafer from silicon material, the step of 
aligning the wafer by the projection exposure apparatus 
of the above mentioned embodiment, and exposing ret- 
icle patterns on the wafer, the step of assembling the 5 
device (including dicing step, bonding step and packag- 
ing step), and the inspection step. 
[0094] Application of the exposure apparatus of the 
present invention is not limited to the exposure appara- 
tuses for manufacturing semiconductor devices, but can 10 
be applied widely to exposure apparatuses for liquid 
crystal display devices fabricated on a square glass 
plate, exposure apparatuses for such display devices 
as plasma displays, and exposure apparatuses for man- 
ufacturing such various devices as image pickup devic- 15 
es (e.g. CCD), micro-machines, thin film magnetic 
heads or DNA chips. Also the present invention can be 
applied to the exposure steps (exposure apparatuses) 
when masks, where mask patterns of various devices 
are formed, (e.g. photo masks, reticles) are manufac- 20 
tured using photolithographic steps. 
[0095] The present invention can be applied not only 
to scanning exposure type projection exposure appara- 
tuses, such as step and scan systems, but also to step 
and repeat type systems (full field exposure type) pro- 25 
jection exposure apparatuses, and proximity type expo- 
sure apparatuses which do not use projection optical 
systems. 

In this case, if a linear motor is used for the wafer stage 
system or the reticle stage system, the movable stage 30 
may be held by an air levitation type using an air bearing 
or by a magnetic levitation type system. 
[0096] The movable stage may be the type which 
moves along guides, or may be a guideless type which 
uses no guides. 35 
A reaction force which is generated when the wafer 
stage or reticle stage is moving in steps or is accelerat- 
ing/decelerating at scanning exposure may be mechan- 
ically released to the floor (ground) using a frame mem- 
ber, as disclosed in US Patent (USP) No. 5,528,118 or 40 
US Patent (USP) No. 6,020,710 (corresponding to Jap- 
anese Patent Application Laid-Open No. 8-33022). The 
contents of the US patents are incorporated herein by 
reference. The configuration of the twin stage presented 
as an example of an embodiment of the present inven- 45 
tion is disclosed in detail, for example, in PCT Interna- 
tional Publication No. WO 98/24115 (corresponding to 
US Patent Application No. 09/714,943) and US Patent 
No. 6,262,796, and the stage configuration and the 
stage operation control disclosed in this document can 50 
be applied to the present invention. The contents of PCT 
International Publication No. W098/241 15 (correspond- 
ing to US Patent Application No. 09/714,943) and US 
Patent No. 6,262,796 are incorporated herein by refer- 
ence. As Japanese Patent Application Laid-Open No. 55 
b-06323 ^corresponding to Patent No. 6,323,^36, 
discloses, a reticle stage system to which the law of the 
conservation of momentum is applied, where ihe coun- 



ter mass moves as the reticle stage moves, may be 
used, and the content of this US Patent is incorporated 
herein by reference. In the above embodiment, the wa- 
fer base 38 is suspended from the sub-column 5a of the 
main body column 5 via the suspension sections 36A 
and 36B, but the wafer base 36 may be supported by 
an active vibration proof stand installed to the frame 
caster 2. As described above, the configuration of each 
module in the above embodiment may be arbitrary. In 
the above embodiment, the manufacturing steps for ex- 
posure apparatuses were described, but the products 
to which the manufacturing method of the present in- 
vention can be applied are not limited to exposure ap- 
paratuses, but may be lithographic systems other than 
exposure apparatuses. 

[0097] The present invention is not limited to the 
above mentioned embodiments, but can have various 
configurations within the subject matter of the present 
invention. The manufacturing method of the present in- 
vention is not limited to the manufacturing process of 
exposure apparatuses, but can be applied to the man- 
ufacture of arbitrary industrial products, for which steps 
for manufacturing modules and final products using the 
modules on a line are executed using a plurality of lines, 
for example, to manufacture various manufacturing de- 
vices, inspection devices, home electronic products and^ 
transport equipment related to manufacturing semicon- 
ductors. 

[0098] The manufacturing method of the present in- 
vention can decrease cost and improve mass produc- 
tivity of the manufacturing process where the modules 
and parts are transferred to a line at a suitable timing. 
According to the present invention, where a mechanism 
section assembled in another manufacturing line is 
used, exposure apparatuses can be manufactured effi- 
ciently without using a dedicated large adjustment jig. If 
the stage for the second object is supported by being 
suspended to decrease the influence of vibration, the 
attachment/removal of the stage for the first object and 
the second object become relatively easy, so the man- 
ufacturing method of the present invention can be easily 
applied and exposure apparatuses can be manufac- 
tured efficiently. 

[0099] According to the manufacturing method for de- 
vices of the present invention, high functioning devices 
can be mass produced at low manufacturing cost. 



Claims 

1 . A manufacturing method for manufacturing a prod- 
uct which includes a main body and a first module, 
comprising, 

manufacturing a first module and installing the 

first module to the main body respectively in a pfu- 
taniy ul unet. 

wherein sequences of the plurality of lines are 
time-shifted, and the first module manufactured in 
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one line is transferred to another line, and is in- 
stalled to the main body in the other line. 

2. The manufacturing method according to Claim 1, 
wherein the plurality of lines include the first line and 5 
the second line, manufacturing the first module, 
manufacturing the second module, and installing 
the first module to the main body are repeatedly ex- 
ecuted in the first and second lines respectively, se- 
quences of the first line and the second line are 10 
time-shifted, the first module manufactured in the 
second line is transferred to the first line and is in- 
stalled to the main body in the first line, and the first 
module manufactured in the first line is transferred 
to the second line, and is installed to the main body 
in the second line. 

3. The manufacturing method according to Claim 2, 
wherein the product is an exposure apparatus, the 
main body is a main body frame of the exposure 
apparatus, the first module is a stage system, and 
the second module is an illumination system. 

4. The manufacturing method according to Claim 3, 
wherein after the main body is assembled and the 
illumination system is assembled in the first line, the 
stage system assembled in the second line is trans- 
ferred to the first line, is installed to the main body 
in the first line, then the stage system is assembled 
in the first line, and is transferred to the second line. 

5. The manufacturing method according to Claim 4, 
wherein the main body is assembled and the stage 
system is assembled in the second line, the assem- 
bled stage system is transferred to the first line, then 
the stage system assembled in the first line is trans- 
ferred to the second line. 

6. The manufacturing method according to Claim 5, 
wherein a projection system is mounted on the main 
body in each line before the stage system is trans- 
ferred from the second and first lines to the first and 
second lines respectively. 

7. The manufacturing method according to Claim 5, 
wherein an adjustment stage system is mounted on 
the main body in each line before the stage system 
is transferred from the second and first lines to the 
first and second lines respectively, and the adjust- 
ment stage system is removed after adjustment 
completes. 



which exposes an object by an exposure beam via 
a projection system, wherein when an exposure ap- 
paratus is assembled by installing various mecha- 
nism sections to a main body frame in a plurality of 
manufacturing lines respectively, a predetermined 
mechanism section for which assembly and adjust- 
ment are executed in one manufacturing line is 
used as a mechanism section of the exposure ap- 
paratus which is being assembled and adjusted in 
another manufacturing line. 



10. The manufacturing method for exposure apparatus- 
es according to Claim 9, wherein the predetermined 
mechanism section is a stage system which aligns 

is the object. 

11. A manufacturing method for exposure apparatuses 
which exposes a second object by an exposure 
beam via a first object and a projection system, 

20 comprising: 



a first step of assembling a first main body 
frame of an exposure apparatus in a first man- 
ufacturing line; 

a second step of assembling a second main 
body frame of an exposure apparatus in a sec- 
ond manufacturing line; 

a third step of installing a first adjustment stage 
at a position where a stage which aligns the first 
object of the first main body frame is placed in 
the first manufacturing line, and assembling 
and adjusting an illumination system to be 
mounted on the first main body frame; 
a fourth step of assembling and adjusting a 
stage system which aligns the first object and 
the second object using the second main body 
frame in the second manufacturing line; and 
a fifth step of removing the first adjustment 
stage from the first main body frame in the first 
manufacturing line, mounting the projection 
system and the stage system removed from the 
second main body frame on the first main body 
frame to assemble the first exposure appara- 
tus. 



30 
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8. The manufacturing method according to Claim 3, 
wherein the stage system includes a stage which 
moves an object having a transfer pattern and a 

ptaoe which mover an object tr eyoosed 

9. A manufacturing method for exposure apparatuses 



12. The manufacturing method for exposure apparatus- 
es according to Claim 11 , wherein the second ex- 
posure apparatus is assembled and adjusted using 
the second main body frame in the second manu- 

50 facturing line after the fifth step. 

13. A manufacturing method for exposure apparatuses 
according to claim 11 or 12, wherein the fifth step 
further comprises: 



55 



p firrt sub-. c ten fpr mounting the projection sys- 
tem on the first main body frame; 
a second sub-step for mounting the second ad- 
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justment stage on the first main body frame at 
a position where the stage which aligns the sec- 
ond object is placed, in order to adjust the pro- 
jection system; 

a third sub-step for removing the first and sec- 
ond adjustment stages from the first main body 
frame; and 

a fourth sub-step for mounting the stage system 
removed from the second main body frame on 
the first main body frame. 

1 4. The manufacturing method for exposure apparatus- 
es according to Claim 11 , wherein the first adjust- 
ment stage further comprises a pin hole which is 
movable two-dimensionally and a photo-electric de- 
tector which detects the exposure beam which 
passes through the pin hole by an optical Fourier 
transform surface, and dispersion of coherence fac- 
tors of the illumination system is measured by the 
adjustment stage. 

15. The manufacturing method for exposure apparatus- 
es according to Claim 1 1 , wherein the exposure ap- 
paratus is a scanning type exposure apparatus 
which moves the first object and the second object 
in a predetermined scanning direction synchro- 
nously to execute exposure, the first adjustment 
stage comprises a pin hole which is movable in a 
non-scanning direction which crosses the scanning 
direction, and a photo-electric detector which de- 
tects the exposure beam which passes through thes 
pin hole, and substantially two-dimensional illumi- 
nance unevenness of the illumination system is 
measured using the adjustment stage. 

1 6. The manufacturing method for exposure apparatus- 
es according to Claim 1 3, further comprising a step 
of assembling and adjusting the illumination system 
to be mounted on the second main body frame by 
mounting the removed first adjustment stage at a 
position where the stage which aligns th e first object 
of the second main body frame is placed in the sec- 
ond manufacturing line after removing the stage 
system from the second main body frame in the sec- 
ond manufacturing line. 

17. The manufacturing method for exposure apparatus- 
es according to Claim 1 6, further comprising a step 
of mounting the removed second adjustment stage 
on the second main body frame at a position where 
the stage which positions the second object is 
placed in order to adjust the projection system in 
the second manufacturing line. 

1 P. The manufacturing method for exposure apparatus- 
es according xo Ciairn 1 1 , whei ein me exposure ap- 
paratus is a scanning type exposure apparatus 

■•fhi/th rr«nuec tHr* f f rot /-»Ki o/"*t onH thn ecir'Anrl rvkvici/^t 
VVI l • v — i i i i iu»oo ti iw Hioi «-»■ !• iv. kfCwUl iw JLJC^i 
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in a predetermined scanning direction synchro- 
nously to execute exposure, the first adjustment 
stage comprises a slit which can move in a non- 
scanning direction which crosses the scanning di- 
5 rection, and a photo-electric detector which detects 

the exposure beam which passes through this slit, 
and substantially two-dimensional illuminance une- 
venness of the illumination system is measured us- 
ing the adjustment stage. 

10 

1 9. The manufacturing method for exposure apparatus- 
es according to Claim 1 1 . wherein the stage system 
installed to the second main body frame is adjusted 
based on a positional relationship between the first 

15 main body frame and the first adjustment stage. 

20. The manufacturing method for exposure apparatus- 
es according to Claim 13, wherein the stage system 
installed to the second main body frame is adjusted 

20 based on a positional relationship between the first 
main body frame and the second adjustment stage. 

21 . The manufacturing method for exposure apparatus- 
es according to Claim 20, wherein a partial illumi- 

25 nation system at the first object side of the illumina- 
tion system is slidably installed to the first main body 
frame, and the partial illumination system is retract- 
ed when the first adjustment stage is attached to/ 
removed from the first main body frame and when 

30 the stage system is installed. 

22. An exposure apparatus which exposes a second 
object by an exposure beam via a first object and a 
projection system, comprising: 

35 

a main body frame; 

an illumination system which includes a partial 
illumination system which is slidable with re- 
spect to the main body frame and illuminates 

40 the first object; and 

a stage system which can be installed to the 
main body frame when the partial illumination 
system is retracted from the main body frame 
and aligns the first object and the second ob- 

45 ject. 

23. The exposure apparatus according to Claim 22, 
wherein the stage system further comprises a first 
stage and a second stage which aligns the first ob- 

50 ject and the second object respectively, the second 
stage is supported by being suspended from the 
main body frame, and the first stage is supported 
by the main body frame via a vibration proof mem- 
ber. 

55 

k^t. "i ne exposu;e appaiaius according lu Oiam. 
wherein the main body frame further comprises a 
base member, a first member which is placed on 
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the base member via a vibration proof member, and 
a second member which is placed on the first mem- 
ber via a vibration proof member, the partial illumi- 
nation system of the illumination system is support- 
ed on top of the second member, and the projection 5 
system is supported atthebase of the second mem- 
ber. 



wherein a sensor which detects a position of at least 
one of the second stage and the second object is 
installed to the second member. 

32. The exposure apparatus according to Claim 28, 
wherein the second stage is a double stage type 
stage device. 



25. The exposure apparatus according to Claim 23, 
wherein the stage system further comprises a first 
stage and a second stage which align the first object 
and the second object respectively, and the first 
stage is placed on the first member via a vibration 
proof member. 

26. The exposure apparatus according to Claim 25, 
wherein the stage system comprises a first stage 
and a second stage which align the first object and 
the second object respectively, and the first stage 
is placed on the second member parallel to the par- 
tial illumination system. 



10 



33. A device manufacturing method including a step of 
transferring a device pattern to a work piece using 
the exposure apparatus according to Claim 22. 



34. 
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A device manufacturing method including a step of 
transferring a device pattern to a work piece using 
the exposure apparatus according to Claim 28. 



27. The exposure apparatus according to Claim 22, 
wherein the illumination system further comprises 
a support section which supports the partial illumi- 25 
nation system and a guide shaft which slides the 
partial illumination system with respect to the sup- 
port section. 



28. An exposure apparatus which illuminates a second so 
object by an exposure beam via a first object and a 
projection system, comprising: 

a main body frame having a base member and 

a first member which is placed on the base 35 

member via a first vibration proof member; 

a second member which is placed on the first 

member via a second vibration proof member 

so as to hold the projection system; 

a first stage which is supported by the first *o 

member so as to align the first object; and 

a second stage which is supported by being 

suspended from the first member so as to align 

the second object, 

45 

wherein the first stage and the second stage 
are removably supported by the first member re- 
spectively. 



29. The exposure apparatus according to Claim 28, 50 
wherei n the first stage is supported by the first mem- 
ber via a third vibration proof member. 

30. The exposure apparatus according to claim 28, 
wherein the first stage is supported by the second 55 

membti para He 1 ic Ihr- proiGdi'" ryMer 

31. The exposure apparatus according to claim 28, 
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ASSEMBLES MAIN BODY MODULE 90A 



104 
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103 



ASSEMBLES 
ILLUMINATION SYSTEM 



ASSEMBLES 
PROJECTION 
OPTICAL 
SYSTEM 



MOUNTS TOOL RETICLE 

STAGE SYSTEM AND 
ADJUSTS ILLUMINATION 
SYSTEM 
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MOUNTS PROJECTION 
OPTICAL SYSTEM 



MOUNTS TOOL WAFER 
STAGE SYSTEM AND 
ADJUSTS PROJECTION 
OPTICAL SYSTEM 



107 



REMOVES TOOL RETICLE STAGE 
SYSTEM AND TOOL WAFER STAGE 
SYSTEM FROM THE MAIN BODY 
MODULE 90A, AND MOUNTS THE 
STAGE MODULE 91 B ADJUSTED IN THE 
SECOND MANUFACTURING LINE 
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UNLOADS AS PRODUCT A 
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ASSEMBLES MAIN BODY MODULE 
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RETICLE STAGE SYSTEM. 

SENSOR COLUMN UNIT AND 
WAFER STAGE SYSTEM 



111 



REMOVES STAGE MODULE 
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MOUNTS THE STAGE MODULE ADJUSTED IN 
THE FIRST MANUFACTURING LINE 
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